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AND CORROSION OF AN ALUHINIUM-COPPER ALLOY
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Rotating bending fatigue tests have established that glass bead and

alumina grit blasting have only a slight effect on the fatigue properties
of 2014-T6 aluminium alloy. Exposure to malt tog for 8 hours or alternate
immersion in 3%% malt solution for 3 days reduces the fatigue strength from
170 ?Qa to 107 NPa and 64 NPa respectively but substantial Improvements in

fatigue strength may be achieved by abrasive blast cleaning to remove the
corrosion.

Total immersion tests made in 30, salt solution to examine the effects
of abrasive blasting on corrosion have demonstrated that the corrosion rate
and type of pitting attack on 2014-T6 aluminium alloy sheet are dependent
on the abrasive used and on the amount of corrosion which has occurred
prior to blast cleaning
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I INTRODUCTION

Impact blasting techniques sucih as shot peening and abrasive blast cleaning are

widely used in the aerospace industry for the preparation of metal surfaces. In shot

peening operations, the workpiece is blasted with a high velocity straam of spherical par-

ticles such as glass balls or steel shot in order to induce compressive stresses Into the ,

murface. The process is mainly used to improve the fatigue strength of components and to
live improved resistance to stress corrosion cracking. Abrasive blast cleaning is used to

reoisve corrosion products or scale from metal components or to roughen the surface in pro-
paration for bonding, painting or metal coating. The abrasives which are employed include

alumina grit, angular metallic particles, crushed slag and smooth glass beads.

In recent years abrasive blast cleaning with either small diameter glass beads or

fine alumina grit has been used to bland out corrosion damage on aircraft. One area where t
it has proved to be invaluable has been in the repair of corrosion damage which sometimes

occurs adjacent to countersink fastoners, particularly on upper wing skins, Prior to the

introduction of abrasive blast claming, the corrosion was blended out by hand using metal

wool, abrasive pads or mall abrasive wheels mounted in a power drill. This could take up

to 2 hours for a single fasetmer head but by using abrasive blasting techniques this time

has been reduced to a few minutes.

When abrasive blast cleaning umthods were first introduced for use ou military air-
craft glass beads were preferred to alumina grit because they readily remove brittle

corrosion products but remove little of the ductile mutal substrate. It became apparent,

however, that although the surface appeared free of corrosion after blasting the peening

action of the Slass beads could deform the surface layers and cause small pockets of

corrosion in pits or intergesnular sites to become trapped. There was aoncere that thse a

pockets of buried corrosion might act an stress concentrators which could accelerate

fatigua crack initiation or allow enhancsd corrosion attack. A change to alumina grit

blasting was therefore made in order to ensure that all the corrosion was blended out even

though this would led to a significant amount of metal removal.

The aim of the present work has been to quantify the effects of abrasive blast

cleaning on the fatigue and corrosion of a 2014-TG aluminitm alloy which is used exten-

sively in airframe construction in the UK.

2 EXP1URI1NTAL PROCIDRU

2.1. Materials

The 20i4-T6 aluminium-copper alloy chosen for this investigation was available as ..

both sheet and plate material. Sam thick plate to 38 L93 was used for the fatigus evalue.-

tion programme and 1 ma sheet to BS L150 was employed for the corrosion studies.

2.2 Abrasive btast cleanin.

Abrasive blasting was carried out using a Junior VP machine which is manufactured by

Vacu Blest Ltd and is similar to equipment currently in service with the Royal Air Forcu.

The blasting pressure wan maintained at 550 kPa and the disetince between the Sun nozzle

and the workplace at about 40 mi, valuen representative of those ured in service. Bothir .

off .. .. ... -. ,,
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180-220 mosh alumina grit and 75-150 um glass beads were used in this programme and blast-

ins was carried out until complete coverage was achieved. Test coupons used in the

corrosion evaluation were hand held, but cylindrical specimens, used to study tile effects

of abrasive blast cleaning on fatigue, were mounted in a small 4i8 which allowed them to

be rotated during the blasting operation.

Fatigue specimeans to the design in Pig I were machined from the 8mm thick L93 plate
with the specimen axis parallel to the rolling direction. One set of specimens was

corroded far 8 hours in 5% neutral malt fog (BS 5466, part 1) and a second set was

corroded for 3 days by alternate imersion in 3j% malt solutiou (ASTH G44). A selection

of the as-machined and corroded specimens were abrasive blast cleaned using either Slaps

beads or almina grit prior to fatigue testing.

Fatigue tests were made to establish the effects of corrosion,. of abrasive blasting,

and of corrosion followed by abrasive blasting on the fatigue strength of L93 alloy.' All
fatigue tosting was carried out on a rotating beisding machine operated at a frequency of

IOU : 5 Ri. Tests were continued for at least 5 10 cycles unless failure occurred

earlier.

2.4 Corrosion tests

Woe•ht loss experiments were made on smal couponq approximately 40 um x 25 m• cut

from the 1.150 sheet and drilled with a 2 mm diameter hole approximately 5 mm from the

centre of one of the short sides, Coupons were then either vat abraded on grade 1000 00
silicon carbide paper, or abrasive blasted with glass beads or alumina grit.i After washi-

ing with acetone, tha coupons were dried and weighed to the nearest 0,1 mg. Each coupon !

was suspended by a glass S hook so that it was completely Immersed in 90 ml of 3j% NaCI

contained in a polythen• beaker. To reduce evaporation losses, the beakers*were placed

in a water bath covered by a transparent hood. The temperature of the water bath was held

at 25 k 0.5°C throughout the 3 week test period. Coupons were removed after various

immersion times, washed in running water and freed from corrosion product by limmersion in

a gently boiling aqueous solution containing 7.5 g/I chromium trioxide and 5 ml/i phos-

pho•ic acid for 20 minutes. After rinsing in water and acetone, the coupons were dried

and reweighed.

A second series of immersion tests was made on material which had been corroded

before abrasive blast cleaning, Sets of coupons were prepared by wet abrading and then
Lmmersuing in 3 salt iol'ition for either 1, 4, 7 or 12 days. The corrosion on the

coupons wat then removed by either alumina grit or Slasa bead blasting. After weilhing

coupons were•, I-Lmmersed Il 3j% malt solution for varouuu timui, ulowit.d chrnmI !- ".

phosphoric ncid volution and reweighed. Slilcted weight loss coupona w•orn exnmned using

optical motallogrphy to determine the sizn and distribution of pits after corrosion.

4 4- 1
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3 RESUTS AND DISCUSSION

3.1 ffect of abrasive blast cleaning on fatigue

The fatigue data obtained for material in the an-machined condition are presented

in Fig 2a in the form of an S-N curve (stress versus number of cycles). The curve ha

been used as the baseline against which the effects of abrasive blasting and corrosion Oil

fatigue have been ast..ued. .

Fig 2b&c shoay that at high stresses glass bead blasting gives some improvement in

fatigue life but at lower stresses the data points for glass bead and alumina grid blasted

specimens fall within the scatter band of the as-machined material. Estimates of the

fatigue strength at 107 cycles are given in Table 1.

The results for alumina grit blasted material are in keeping with those reported by .

tHyllymaki and M/cDonald1 for a 7075-T6 aluminium alloy which shoved that abrasive blasting

with e.ther fine alumina grit or coarser crushed slag grit had little effect on fatigue ,

strength.

Very little data have been published on the effects of bleating with small diameter

glass beads on the fatlgue properties of aluminium alloys. S-N data obtained by

Faulkner 2 demonstrated that glass bead blasting increased the fatigue strength of forged

2014-T6 aluminium alloy, BS L65, from 223 Wa to 254 Wei at 107 cycles, The glass beads

used were 120 to 220 pm in diameter, slightly larger than those employed in the present

study (75-150 um) but coftsiderobly smaller than the ones generally used for shot peening
purposes (600-800 i'm).,*

The fatigue properties after abrasive blasting will be influenced by the surface

roughness and the residual stresses at the surface of the component. Deap notches or

pits tend to shorten the fatigue crack initiation stage whilst compres"Pve stresses act

to prevent the nucleation of~ fatigue crack and so extend the fatigue life. In the present
work optical studies of sectioned and polished fatigUe specimens show that the surface

after glass bead blasting is free of notches whilst some small notches are visible on

alumina grit blasted specimens, the largest of which are approximately 80 M deep.
Hyllymaki and MdcDouald t suggest that any deleterious effect of notches produced by grit

blasting may under some circumstances be offset by the beneficial effects of the

compressive stresses introduced by the blasting operation. It dsems unlikely that, in thO

present tests, residual coupressive stresses will play a significant role in inhibiting the

nucleation of fatigue cracks after alumina Irit blastinga data presented by Birley ot ,.

indicate that when the alumina particles are 65-85 pm diameter (equivalent to the 180-220

mesh else used in this investigation) the compressive surface stress is only 17 mPa and

the depth of the compressive layer ts less than 100 W. It in concluded that the snall

notches present after alumina grit blasting, probably shallower than the compressive

Layer, are unlikely to give rise to early fatigue crack initiation.

The situation may be rather Ai•ffersnt after glass bead blasting where high

compressive stresses may be present at the surface. Measurements made by BIrley4 on an

aluminiust'ainc-magnesium alloy have shawn that abrasive bloatina with small glase beadii
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gives a surface compressive stress of 250 MPa. This in similar to the residual stresoes
5measured by Kdhler and of the same magnitude as the stresses resulting from peening with

coarse steel shot reported by Hawkes 6 , Gaillard e al and Was et at However the depth

of the compressive layer, which according to Was et at must be large to obtain maximum 14-zi

improvement in fatigue life, is dependent on tho diameter of the glass beads used.

Birley4 has shown that with small diameter beads, similar to those used here, the depth of

the compressive layers Li probably lese than 50 jM whilst other studies 6 8 have

established that peening operations using 600 m diameter shot can produce a compressive L

layer greater than 400 Mm deep. The shallowness of the compressively stressed layer

following abrasive blasting with smell diameter glass beads suggests that the process will

give only minor improvements in fatigue life, which is in line with the fatigue data in

Fig 2c.

3.2 Iffect of corrosion on fatigue

The fatigue curves in Fig 3aAb demonstrate the catastrophic effects which prior

corrosion casn have an thu fatigue behaviour of L93 aluminium alloy. 8 hours exposure to
neutral salt Log generates sufficient corrosion to reduce the fatigue strength from

170 MPa to 107 MPa. Small coupons of the alloy given the same corrosion treatment were

found to have an average veight loss of 70 mg/cm2 and an average pitting depth of 20 mm.

Material which had boon more severely corroded by alternate immersion in 3% salt solution

for days exhibited a further reduction in fatigne strength as Indicated Lu Table 1. In
this case the weight loss was 1100 jig/cm and the pitting depth 120 M.

Several investigations have been made into the effects of corrosion on the fatigue

of aluminium alloys. Weston and Wilson9 for exapla ecarried out tension-tension fatigue • .
tests on round bar specimens machined from 23 m thick 7010-T7651 aluminim alloy and

found that the fati~gue strength was reduced by 70 MP& when specimens were *es-stposed to

8 hours 51 salt fog (ASTZ Specification 5117). In a study of the aluminium alloy 7075-T6,

't Hart et atl0 looked at the effects of corrosion on the fatigue life of tension-tension

cylindrical specimens tested under constant amplitude loading. Corrosion ras induced by

alternate imersion in 3j% salt solution for various times up to 384 hours. After

48 hours exposure, the fatigue life was reduced from 1.9 x 106 cycles to 2.1 x 10o cyc.ies.

't Hart at at observed that increasing exposure times produced further decreases in

fatigue life but the drop was not proportional to the corrosion time. The fatigue life

was found to be very dependent on the depth and density of pits, and metallography

revealed that fatigue cracks nucleated at corrosion pits. Person1 1 has shown that for a

number of aluminium alloys including unclad 2014-T6 sheet that the first 80 •m of pitting

accounted for most of the loss in fatigue strangth, deeper pitting led to further small

reductions in fatigue strength.

The fatigue results, which have been obtained, follow the general trend which has
been identified in the various studies deacribed above. Small pits can drastically reduce

the fatigue life and fatigue strength. An the pit size is increased further reductions in

fstilue properties may occur but these will not necessarily be proportional to the dopth

of attack. At Rtrosses near the fatigue strength, the initiation stage accounts for most

of the fatigue life w•ith the crack propngation otage probably roccupying less than 20%.
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If defects such as corrosion pits are present at tha surface, they will act as stress

raisers and assist in the initiation of fatigue cracks. When the pit depth is

sufficiently large, the initiation stage will be almost eliminated and the fatigue life

will be a fraction of the unpitted material. Further increa.es in the depth of pitting

will therefore only yield relatively small reductions in fatigue life.

3.3 Recovery of fatigue properties by abrasive blast cleaning

Fatigue data for corroded specimens which were cleaned using either alumina grit
blasting or glass bead blasting are reproduced in Fig 4 and show that substantial improve-

ments in fatigue lft can be achieved. Values of the fatigue strength are included in

Table 1. I,
Tie porcentage recovery in fatigue strangth, R , may be calculated from the data in

Table I using the following expression,

SCA aC ,.
. It = aM •R X 100 ( ), •••

wheel ae is the fatigue strength of the as-m•chined material, a is the fatigue

strength after a corrosion treatment, and aA is the fatigue strength after the corrosion

products have been removed by abrasive blast cleaning.

A value of R - 0! indicates that there has been no improvement in fatigue strer ,th

whilst R t 100! implies that the fatigue strength of the as-machined material has been

completely re;overed.

The values of R calculated using equation (I) are listed in Table 2, For material

which waa exposed to 6 hours salt fog before testing a slightly greater percentage

recovery in fatigue strength can be achieved by cleaning with glass beads (84%) rather

than alumina grit (682). Even with heavily pitted material, a 53% recovery in fatigue

strength ia possible using glass bead blasting.

The results discussed earlier suggest that any compressive stresses introduced into

the surface as a result of alumina grit blasting will do little to Inhibit the initiation

of fatigue cracks. Instead the main action of the cleaning process is to bland out the

corrosion pits to leave a shallow depression. When glass bead blasting is used, the rat"

of metal removal is much lower and the psening action of the beads will plastically deformi -

and smooth out matarial at the base and sides of the pits rendering them less efficient as
• ~~stress raisers."'"'

3.4 Effect of abrasive blasting on corrosion

In the first series of experiments the effect of surfaco. finish on the corrosion

behaviour of L15O uhaet was investigated. The weight loss data plotted as a function of

the imoerlion time in Fig 5 show that the rate of corrosion in dependent on the type of

__ _ surface Itroatisent which was applied. After 21 days immersion the corrosion rate was .%"

estimated to be 5.6 mg dm" 2 day- following wet abrading, 4.2 ng dm" 2 day- after aluminn

grit blasting and 2.0 mg dm" 2 day-I for nhoet which had bnen impact blagted with g8Ls.

beads, ht oxtamination of the wwight lott tnt.upons using optlioat wuIcrostupy revealed that .,i

•'¢/•';:•,,:•/.•,,ra 'I'll.:.:,.. •,,. W... "M. t".,,- YAW. ,,,



few fairly large pits (>I aps diameter) develop on the surface of the samples. which have

been glasm bead blasted whilst on the wet abraded and alumina grit blasted specimensa
large rtum~bor of smaller pits form. These differences are clearly shown by the histograms
in rig 6 which give the distributions of pit diametersli for the three surface conditions '

The second series of corrosion experiments undertaken were designed to investigate

the effects of corrosion prior to abrasive blasting on the corrosion behaviour of LM15

sheet. The weight loss data have beent plotted as a function of the immersion time in 31%

salt solution in Figs 7 and S.

Fig 7 refers to coupons which were alumina grit blast cleaned and shows that when

the prior corrosion treatment is I to 7 days, there is very little if any increase in

corrosion rate compared to LISO grit blasted before corrosion. Factending the prior

corrosion treatment to 12 days gives a slight increase in the corrosion rate, but the rate

is s~ill loes than that for wet abraded material. Tite situation is rather different with

glams bead blast cleaned samples. Fig 8 shows that with prior corrosion treatment of I to
7 days there is a slight increase in corrosion rate, compared to W150 Blass bead peened

before corrosion, but with a 12 day prior corrosion treatment there is a large increase in

corrosion rate. The sequence of optical micrographs, reproduced in Fig 9 indicates that ¼
the pattern of corrosion observed in the preliminary experiments is repeated provided the

prior corrosion treatment does not exceed 7 days. After 28 days immersion the surfaces

of the coupons which were $Laos bead blast cleaned appear to be free of corrosioa apart
from a few large pits whilst large areas of pitting are seen on the alumina grit blasted

samples. The histograim. in rig 10 comparing the distribution of pit disameters after

corrosion emphasis% the differences between the glass bead and alumina grit blasted

material.

The increase in corrosion rate observed with glass bead blast cleaned maiterial which

vasn given a prior Corrosion treatment of 12 days is eassociated with a change in the type

of corrosion attack. The optical micrographs in rig 9 show that after 23 days immersion

in 3j% salt solution, the surface. of both the alumina grit and glass bead blasted samples

were covered with many small pits.

In the absence of a detailed electrochemical study only a tentatlive explanation of I 4-

the effects of abrasive blasting on the corrosion of aluminium can be offerfd,.based an

current thatiries of pitting. An assessment of the processes landins to pit nucleation in

iron and aluminiium has recently been made by Janik-Caachor ot a *12 '. he authorg have

coruaidered the growing evidence in favour of thit involvement of fltaws or weak iputat, which
are present in the oxide film, in the initiation of pits ont itlurnd-ium. The flnwlt are.

thought to bot ruisociated with grain bouridary triple pointli, jproc~jpltnitot andl irntiretall icls
13in the miltal nutbi tate. Wood ot at had propoiaud oarrl ior dint pit~ri initiuito at flaws

and propagnto by mietal dissolution into tho !mbohtrnte, thkis und'.nriinlng the oxide filut.

Changes in t~hr eitirfitoe structure will alter t~he number andi cypo o~f fhiwaw wh r~h form in t he

ux idu fil atind o.onmeq~uatitly affact. the pir. hi it buliawlout.

Duringi alimsina grit blasting, metal ts ri-iwived from titi mwefti~ and thi' loval of

uuntpreem 1vo it srutieio i~titut- uc ad iN Hinwal I 1.* 1 likii s faceO vii. 1141 "3 [mll tat in is L.1 lttlilrv to tilt

IP ww" IMP I Rf V ~ *
1

* ~ i * ' * .



abraded surface and the oxide film which forms will contain a similar density of flaws to

the air formed oxide film on an abraded surface. When glass bead blasting is undertaken,

the hammering action of the beads plastically deforms the surface netal and destroys the

grain structure. The process tends to break up precipitates and intermotallics in the

surface, end creates a thin highly stressed homogeneous layer. Fewer flaws will be

present in the oxide film so that there will be a smaller number of sites available for

pit nucl.eation. i

The growth of corrosion pits is to a large extent controlled by the relative areas 6i

of the cathodic and anodic sites on the surface of the metal. A small anode area coupled

to a large cathode area will lead to very intense locealisad attack and this is the situa--

tion which probably exists after glass bead blasting. The number of anodic sitea or V
flaws is small but the cathode area is relatively large so that a few large pits will

f orm.

The ability of the glass bead blasting process to eliminate the effects of prior

corrosion on subsequent corrosion behaviour will clearly depend on the depth of the

Initial pitting attack. Small pits may be smoothed out by the blasting operation so that

they do not give rise to flaws in the oxide film which forms on the surface, but this will ,

not be the case with deeper pits. It is suggested that many of the pits which formed onx

material that w•e first corroded for 12 days and then %lass bead blast cleaned were
associated with pits present After the initial corrosion treatment.

The results presented in this section show that the type of abrasive blast cleaning

process employed can strongly influence the form of localised attack which can occur,

More reseavch is required before a detailed account of the mechanisms involved can be

given.

4 CONCLUSIONS,
Concern that abrasive blasting with glass beads could lead to a loss in fatigue life

appears to be unwarranted. Any effects which glass bead blasting or alumina grit blasting

may have on the fatigue properties of L93 plate are negligible in comaarison to the effect

of corrosion. Tests have shown that exposure to alternate immersion in salt solution for

3 days is sufficient to reduce the fatigue strength from 170 to 64 MUa. This may be com-
pared with a reduction of 5 Mta when specimens are Alumina grit blasted before testing and

a slight increase in fatigue strength of 5 Mia when glass bead blasting is employed.

Fatigue tests have further demonstrated that a high percentage of the fateius strength

lost as a result of corrosion may be recovered by removing the corrosion with abrasive

blast cleaning, Even with severely corroded material, significant improvements in fatiguu

strength can be obtained by cleaning the surface with glasm beads. The beneficial effacts

derived from abrasive blast cleaning are thought to arisae from a blending out of stroso

concentrators such as corrosion pits. Compresaive atressoi introduced by gltinm boad

blasting are believed to play a relatively minor role in h.hibitinq the initb~tion of

fatigue irrteke.

04 Total immersion tests reveal that the corrosion of L150 atiminium alloy shoet ia

depsndenL on the surface preparation. lans bead blasting reduces the corronion rate to

* ..

•~~~~~~ , ..... . ....... ...........-..... :.



approxiTately a third of that of the wet abraded material and restricts the corrosion to

the formation of a few large pits. Alumina grit blasting also t'educ&s the carrosi.un rate,

but attack is similar to wet abraded material, the surface being covered with many small

pits. Teits on corroded material which was abrasive blast cleaned and then recorroded

have shown that provided the precorrosion treatment was not longer than 7 days in 3j% salt

solution the pattern of corrosion is repeated. Increasing the initial corrosion treatment ,

to 12 days in 3JX salt solution changes the nature of the attack on glass bead blasted

samples from a few large pits to widespread pitting over the whole surface of the test
Coulpon. 

'

The nature of the pitting attack after Blass bead blasting is disturbing. In many

instances the presence of a sivigle large pit in the surface of a component can be more

damling than when the surface is covered with many shallow pits. The decision to adopt

alulmna grit blasting in some cases, in preference to glass bead blasting for the removal

of corrosion damago on military aircraft, appears to have some Jsltification.

o..

,,,.

""r
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Table I

FATIGUE STRENGTh' ( a) AT 107 CYCLES

Prior corrosion

hours salt 3 days alternate

foag imersion

As machined 170 107 64

Alumina grit blasted 165 '150

GlAss bead blasted M7 160 120

'Iu

Table 2

PER CENT RECOVERY IN FATIGUE STRENGTH

Prior corrosion Abrauive blasting % recoviery

8 hours salt fog Alumina grit 68%

8 hours salt fog Glass beads' 84%

3 days AI Glass beads 53%

4' 1,.f'
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